Rheumatoid arthritis (RA) is a chronic inflammatory disease of the synovium. It is involved in up-regulation of pro-inflammatory cytokines and matrix metalloproteinases (MMPs), resulting in joint inflammation and erosion. Zingiber cassumunar Roxb. has long been used to reduce joint pain and inflammation. This study aimed to investigate the inhibitory activities of an active compound of Z. cassumunar, (E)-4-(3',4'-dimethoxyphenyl)but-3-en-1-ol (compound D), against cytokine-induced up-regulation of catabolic genes involved in cartilage degradation in RA. Synovial fibroblast cell line, SW982, was cultured in media containing interleukin-1ß (IL-1ß), in the presence or absence of compound D at the concentration range of 1 to 100 µM. After 24 hours, the cells were analyzed for the expressions of MMPs, IL-1ß and interleukin-1ß-converting enzyme (ICE) by RT-PCR. MMPs activities in the culture media were analyzed by zymographic techniques. Dexamethasone was used as the positive control. It was found that compound D at the concentration of 10 -100 M significantly decreased the mRNA expressions of MMP-1, -2, -3, and -13 which was induced by IL-1ß (P<0.05) concomitantly with a decrease in activities of these MMPs in the culture media. An increase in the mRNA expression of IL-1ß and ICE was also suppressed by compound D. The results suggest that the potent activities of this compound may be involved in the reduction of IL-1ß protein synthesis in both pro-form and active form which played an important role in up-regulation of MMPs. This study first revealed the chondroprotective activity of Z. cassumunar in the transcriptional level by suppressing cytokine-induced catabolic genes which caused cartilage erosion in RA.
Introduction
Rheumatoid arthritis (RA) is an autoimmune disease which causes chronic inflammation of the joints and the surrounding tissues, leading to joint pain and deformity (Scher and Abramson, 2011) . The inflammatory process of the synovial membrane causes the progressive destruction of cartilage and bone (Feldmann et al., 1996) . The mechanism of action is involved in an elevation of the pro-inflammatory cytokines, especially interleukin-1beta (IL-1ß) and thereby results in the up-regulation of matrix metalloproteinases (MMPs) which are responsible for joint erosion (Mohammed et al., 2003) .
The current treatment of RA includes three categories; non-steroidal anti-inflammatory drugs (NSAIDs), glucocorticoids such as dexamethasone, and disease-modifying anti-rheumatic drugs (DMARDs) (Peng-Thim and KengHong, 2007). However, long-term use of these pharmacological agents causes deleterious side effects (Weisman, 2005) . Thus, alternatively some medicinal plants have been used for pain relief, which is a regular symptom of this disease.
Zingiber cassumunar Roxb. is one of the most widely used medicinal plants of Asian folk remedies for joint and muscular pain. (E)-4-(3',4'-dimethoxyphenyl)but-3-en-1-ol, compound D, is an active ingredient of the essential oil isolated from the hexane extract of Z. cassumunar (Amatayakul, 1979) . There have been reports that compound D exhibited a strong anti-inflammatory response in vivo (Masuda and Jitoe, 1994) and protected cartilage degradation in the cartilage explant model (Chaiwongsa, 2012) . We therefore attempted to verify the chondroprotective activities of compound D at the molecular level against the IL-1ß-induced expression of catabolic genes which caused joint destruction. Results of this study may provide alternative medical treatment for RA. for Innovation in Chemistry, Faculty of Science, Mahidol University, Bangkok 10400, Thailand. It was isolated from a hexane fraction of Z. cassumunar as previously reported (Tuntiwachwuttikul et al., 1981) .
Materials and Methods
Human synovial fibroblast cell line culture and treatments SW982, a human synovial sarcoma cell line, was obtained from ATCC ® Number HTB-93. The cells were cultured in a 25 cm 2 flask at a density of 1X10 6 cells/5 ml in Leibovitz's L-15 medium (L-15 medium) supplemented with ten percent fetal calf serum, penicillin G sodium (100 U/ml), and streptomycin (100 μg/ml). The culture medium was changed every day. In the study of gene expressions, SW982 cells were cultured in L-15 medium as high density upto 80% confluence. These cells were maintained in culture at 37ºC, 95% air and without 5% CO 2 . The cells were co-treated with 1.0 ng/ml IL-1 in the absence or presence of compound D (1-100 µM), this active compound was dissolved in 0.1% dimethyl sulfoxide. Dexamethasone, a commercially available steroidal anti-inflammatory drug, was performed in parallel as a positive control. Following 24 hours of incubation, the culture medium was collected to analyze the MMP-2 activity by gelatin zymography and groups of MMP-1, -3, -13 activities by casein zymography. The total RNA was extracted to analyze mRNA expressions of MMP-1, -2, -3, and -13 including IL-1ß and ICE by reverse-transcriptase polymerase chain reaction (RT-PCR).
Cell viability by MTT assay
The cytotoxic effect of compound D on cell viability was performed by the well established MTT assay (Mosmann, 1983) . This colorimetric method allows assessing the viability of the treated cells by measuring the activity of mitochondrial succinate dehydrogenase activity of the viable cells that reduce MTT dye to a blue formazan crystal. SW982 cells were treated with different concentrations of compound D (0-800 µM) or dexamethasone (0-1200 nM). After 24 hours of incubation, the cell viability was determined with the MTT assay method. The results were presented as a percentage relative to the control.
Zymographic assays for enzyme activities
The assay for MMP-2 activity in the culture media was performed by gelatin zymography as described by Ongchai et al. (Ong-chai et al., 2008) . The mixed activities of MMP-1, -3 and -13 were analyzed by casein zymographic technique modified from Boonsing et al. (Boonsing et al., 2010) . Briefly, samples of the culture media (15 µl) were loaded into 10% polyacrylamide gel containing 0.2% (w/v) bovine casein (Sigma-Aldrich). The gel electrophoresis was performed for 200 minutes at 90 volt. Then, the gels were incubated at 37ºC for 16 hours in activating buffer. Subsequently, they were stained with 0.2% Coomassie ® brilliant blue G250 for five hours at room temperature, destained with 50% methanol and 10% acetic acid to reveal zone of the lysis within the casein matrix. The caseinolytic activity was detected as the clear bands against a blue background corresponding to the hydrolysis of milk casein.
Reverse transcriptase-polymerase chain reaction (RT-PCR)
The harvested cells were analyzed for gene expression by semiquantitative PCR methods as previously described by Boonsing et al. (Boonsing et al., 2010) . Briefly, the cells were extracted for total RNA by RNAspin Mini (GE Healthcare UK Ltd, Buckinghamshire, UK). Reverse transcription reaction was performed by using 1.0 µg of total RNA and the RNA was reverse-transcribed into cDNA using RevertAid TM First Strand cDNA synthesis kit (Fermentus Inc, Ontario, Canada). The cDNA was amplified for 35 cycles by using two oligonucleotide primers derived from previously published sequences of MMP -1, -2, -3, -13, IL-1ß, ICE, and GAPDH genes (Pothacharoen et al., 2006) . The PCR products were subjected to 1.5% agarose gel electrophoresis. Quantitative data normalized to GAPDH were obtained using Scion Image software for PC (Scion Corporation, Maryland, USA), working in the Gel Plot 2 mode.
Statistical analysis
All statistical analyses were performed using Microsoft Excel 2000 or the SPSS 11.5 for windows software package. Data were expressed as mean+S.D. of triplicate independent experiments. Statistically significant values were compared by using of one-way analysis of variance (ANOVA) at the significant level of P<0.05.
Results
Cytotoxicity effect of compound D and dexamethasone on SW982 cell line were investigated by MTT cell viability assay. Figure 1 illustrates the effects of compound D and dexamethasone on SW982 cell viability. Nevertheless, these effects of compound D in the concentration ranging from 1 to 100 µM and dexamethasone from 1 to 100 nM, used throughout the experiments, were not significantly different from the untreated control. Higher concentration of both test compounds suppressed cell viability with the IC50 of 640 M for Compound D and IC50 of 980 nM for dexamethasone, respectively.
Effect of compound D on RA-involved gene expression was investigated in SW982 cell line. In conditioned medium containing only human recombinant IL-1ß caused the dramatic increase in mRNA levels of MMP-1, -2, -3, -13 Figure 2 ). This was consistent to the increase in activities of MMP-2 ( Figure 3a) and the mixed activities of MMP-1, 3, -13 ( Figure 3b ) measured from the cultured media. In the co-treatment with compound D, the expressions of those genes were gradually decreased in a dose response manner, consistently with the reduction of activities of those MMPs in the cultured medium (Figure 2 and Figure 3 ). Figure 4 clearly demonstrates significant induction of mRNA expression of IL-1ß and ICE in SW982 cell line in the present of external IL-1ß. This mRNA expression was suppressed when the cells were co-treated with compound D. These effects were found to be comparable to those of the positive control, dexamethasone. It was found that compound D at the concentration of 100 µM was able to significantly down-regulate all those of studied genes induced by the external IL-1ß. Although RA-derived synovial fibroblasts are potential targets for therapeutic intervention, the attempted use of a primary cell culture of synovial fibroblasts as a tool for studying the cellular mechanisms of chronic inflammatory joint diseases is limited by its finite life span. The SW982 cell line, a human synovial fibroblast which is derived from the human synovial sarcoma cell line, was used throughout the present study. This cell line responds to IL-1ß-induced expression of IL-1ß and MMPs, including MMP-1, -2, and -13, but fails to express TNF-α and MMP-9 (Zhang et al., 1997). Our study was able to demonstrate the similar response in expression of IL-1ß and MMPs as previously reported. In addition, MMP-3 and interleukin-1ß-converting enzyme (ICE) were found to be up-regulated in response to IL-1ß induction. It was found that expression of these genes was suppressed by dexamethasone similar to the previous report (Yamazaki et al., 2003) . The expression of these genes performed in the SW982 cell line was comparable with those of human primary fibroblast-like synoviocytes (data not shown). These suggest that the SW982 cell line is great facilitating tool for studying the gene expressions which are involved in RA pathology.
Chaiwongsa et
Several factors are suspected to trigger inflammation in RA, consequently with persistence and vast production of the potent pro-inflammatory cytokines, TNF-α and IL-1ß (Fionula et al., 2008) . ICE, also called Caspase-1, has biological function to degrade the newly synthesized pro-IL-1ß to yield an active cytokine (Boileau et al., 2002) . It has been reported to be up-regulated in RA. Our study revealed that the exogenous IL-1ß induced expression of IL-1ß and ICE mRNA in the SW982 cell line. These indicated the amplifying effects of IL-1ß on expressions of its gene including the ICE gene, resulted in an elevation of IL-1ß protein synthesis and a release of the IL-1ß active form. These evidences supported the self-amplifying fashion of IL-1ß which has been suggested to play an important role in neurodegenerative diseases (Griffin, 2006) . Therefore, the further study of these effects will be verified in the primary fibroblast-like synoviocytes, cell of the synovial membrane. This cell type has been claimed to play a key role in the pathological mechanisms of rheumatoid arthritis (Bartok, B. and Firestein, G.S., 2011). In the present study, compound D at concentration of 100 µM exerted the inhibitory effects on the expression of IL-1ß-induced IL-1ß and ICE genes. These may hypothesize the effects of this compound on other cytokines production which are able to be induced by IL-1ß especially IL-8 (Porat et al., 1992; Ryll et al., 2011) . This cytokine has been reported to play role in elevation of MMPs synthesis in degenerative joint diseases (Merz et al., 2003) . It has been reported that the inhibition of IL-1ß by IL1receptor antagonist protein clearly demonstrated the reduction of IL-8 synthesis (Porat et al., 1992 ). This will be interesting to explore the effects of compound D on IL-8 including the cytokine cascade which is triggered by IL-1ß. In the present study, compound D was found to diminish the gene expressions of MMPs which are responsible for joint erosion. These were accompanied by the decrease in enzyme activities as analyzed in the cultured media. These results suggested that the efficacy of compound D may be involved in the molecular level of those catabolic gene regulations. Although the casein zymographic analysis could not distinguish the mixed activities of MMP-1, 3 and -13, it appeared that compound D was likely to have an effect on the low molecular weight forms of the mixed MMPs (45-48 kDa) rather than the pro-forms of these enzymes (55-60 kDa). The results obtained may suggest the influence of compound D upon the synthesis and activation of other MMPs which are able to produce a stepwise activation of MMP-1, 3 and -13. It has been reported that plasmin activates proMMP-1 and proMMP-3 (Saito et al., 1998), while MT1-MMP can activate proMMP-13 (Knäuper et al., 1996) . In order to confirm the results of this study, there will be the research of interest for further investigation in the effect of compound D on synthesis and activation of these MMPs network.
Compound D is a major lipophilic compound of hexane extract of Z. cassumuna which has been claimed to contain potent anti-inflammatory activity (Jeenapongsa et al., 2003) . Interestingly, the present study demonstrated the comparable efficacy of compound D and dexamethasone, the steroidal anti-inflammatory drug, against the IL-1ß-induced catabolic genes of RA. Nevertheless, the inside mechanisms of these two compounds may not be similar. Dexamethasone has been reported to strongly suppress prostaglandin E2 production, (Newton et al., 1998) while compound D has no inhibitory effect on lipopolysaccharide-induced prostaglandin E2 synthesis (Han et al., 2005) . This indicates that the antiinflammatory effect of compound D is not involved in the cyclooxygenase pathway. In addition, compound D has been recently reported to protect cartilage explant degradation induced by IL-1ß (Chaiwongsa et al., 2012) . On the contrary, dexamethasone has been found to suppress chondrocyte proliferation and extracellular matrix formation, leading to cartilage degeneration (Chrysis et al., 2005) . Diacerein, another anti-inflammatory agent, has been claimed to protect against cytokine-induced cartilage degradation. It is currently used as an anti-arthritic drug for the treatment of osteoarthritis. However, this drug has been proved to be effective on chondrocytes rather than synovial fibroblasts (A´lvarez-Soria et al., 2008). NSAIDs, non-steroidal anti-inflammatory drugs, also inhibit the onset of inflammation and prostaglandins synthesis. However, few of them have chondrobeneficial effect (Kenneth, 2011) . Besides, several types of NSAIDs exhibit the reverse effects on cartilage matrix components (Changhai, 2002) . Taken together, the antiinflammatory and chondroprotective activities of compound D provided the beneficial information for therapeutic purpose in osteoarthritis and synovitis. Further studies are required to elucidate the intracellular signaling cascades that involve in the inhibitory effect of compound D on the expression of those catabolic genes.
